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Motivation
• Gluon transverse momentum dependent distributions (TMDs) are difficult to access 

due to the lack of clean processes where the factorization of the cross-section holds 
and incoming gluons constitute the dominant effect. E.g. Higgs production

3

• We  consider  two processes  which  are  presently  attracting  increasing attention

Dominguez, Xiao, Yuan, 2013

Boer, Brodsky, Mulders, Pisano, 2011

Zhang, 2017

Arratia, Furletova, Hobbs, Olness, Nguyen et al. 2020

Gutierrez-Reyez, Leal-Gómez, Scimemi, Vladimirov, 2019



Kinematic region

4

Factorization holds for   and for the central rapidity region|rT | ≪ pT

rT = p1T + p2T
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pT =
|p1T |+ |p2T |
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Kinematic region   vs   EIC coverage
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Overlapping increases with higher beam energies
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Factorization
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New dijet soft function
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Ŝ�f = Ŝ�g(n $ v2)
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+ virtual diagrams 

            at one-loop order…
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Evolution
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• We find imaginary parts and -dependent parts in the perturbative result and ADsϕb
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•  angle is integrated out with the Fourier transform and imaginary parts cancelϕb

• We split the evolution kernels

-prescriptionζIntegrate over ϕb
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<latexit sha1_base64="LfKCM1KCgFYN0i45njYYMfaaBYc=">AAAB7nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx7xwSOBDZkdemHC7MOZWROy4Tf0ZNSbH+MP+DfO4h4UrFN1V3VS1V4suNK2/WUVVlbX1jeKm6Wt7Z3dvfL+QVtFiWTYYpGIZNejCgUPsaW5FtiNJdLAE9jxJleZ3nlEqXgU3utpjG5ARyH3OaParNx+QPWYUZHezgZ3g3LFrtpzkGXi5KQCOZqD8md/GLEkwFAzQZXqOXas3ZRKzZnAWamfKIwpm9AR9gwNaYDKTeehZ+TEjyTRYyTz+bc3pYFS08AzniyeWtSy5X9aL9H+hZvyME40hsxYjOYnguiIZN3JkEtkWkwNoUxyk5KwMZWUafOhkqnvLJZdJu2zqlOv1m5qlcZl/ogiHMExnIID59CAa2hCCxg8wDO8wbsVW0/Wi/X6Yy1Y+c0h/IH18Q3GlY/M</latexit>RS

Single scale evolutionIntegrate over ϕb
<latexit sha1_base64="9YGCMv4MuQSI+3tcFHM1qgaA23M=">AAAB/HicbVDLSsNAFL2pr1pfUVfiZrAIrkoiRV0Wu3FZxT6gDWEynbRDJw9mJkIJ0Z/Rlag7v8If8G+c1CDaelbn3nMu3HO8mDOpLOvTKC0tr6yuldcrG5tb2zvm7l5HRokgtE0iHomehyXlLKRtxRSnvVhQHHicdr1JM9e7d1RIFoW3ahpTJ8CjkPmMYKVXrnkwCLAaE8zTm8xNf4Zmlrlm1apZM6BFYhekCgVarvkxGEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedRcjQsR8JpMYUzebf3hQHUk4DT3vy7+S8li//0/qJ8i+clIVxomhItEVrfsKRilDeBBoyQYniU00wEUx/icgYC0yU7qui49vzYRdJ57Rmn9Xq1/Vq47IoogyHcAQnYMM5NOAKWtAGAg/wBK/wZtwbj8az8fJtLRnFzT78gfH+BezmlYs=</latexit>RC

<latexit sha1_base64="M39GaE0YcxzsAw737O4q076PI6U=">AAACA3icbVBLS8NAGNzUV62vqkcvi0XwVBIp6rHYi8cq9gFNDJvtl2bp5sHuRighR/0zehL15j/wD/hv3NQi2jqn2ZlZ+Ga8hDOpTPPTKC0tr6yuldcrG5tb2zvV3b2ujFNBoUNjHou+RyRwFkFHMcWhnwggoceh541bhd+7AyFZHN2oSQJOSEYR8xklSktuFdshUQElPLvObzM7CVjuZj9aK8/das2sm1PgRWLNSA3N0HarH/YwpmkIkaKcSDmwzEQ5GRGKUQ55xU4lJISOyQgGmkYkBOlk0yY5PvJjgVUAePr+nc1IKOUk9HSmuE7Oe4X4nzdIlX/uZCxKUgUR1RHt+SnHKsbFIHjIBFDFJ5oQKpi+EtOACEKVnq2i61vzZRdJ96RundYbV41a82I2RBkdoEN0jCx0hproErVRB1H0gJ7QK3oz7o1H49l4+Y6WjNmfffQHxvsXqZ2YxA==</latexit>

R�
C

Scimemi, Vladimirov, 2020
Scimemi, Vladimirov, 2018

Hornig, Makris, Mehen, 2016

⃗b jet transverse 
direction

ϕb



Evolution
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<latexit sha1_base64="svxJdpxr1kFtWlsaZITvSe8/nmE="></latexit>

d�(b) ⇠ |cos�b|2A (cos(B⇡)� i⇥ (�b) sin(B⇡))R ({µk} ! µ)

2

41 +
X

k2{H,F,J,S,C}

as (µk) f
[1]
k

(b, cos�b)

3

5

<latexit sha1_base64="3emC9X+N3ATLBnHbGIEi8oycm/k="></latexit>

A ({µi}) =
X

i2{S,C}

ci

Z µ

µi

�cusp [↵s] d lnµ
0, B ({µi}) =

X

i2{S,C}

c0i

Z µ

µi

�cusp [↵s] d lnµ
0

• After this manipulation -space cross-section is proportional to:b

• We need  in order for the -integral to be well-defined  restriction over initial scales2" > − 1 ϕb ⇒
<latexit sha1_base64="igr/zt8gXrmAwvLeulr76FxwvqQ="></latexit>

In(A) ⌘
Z +⇡

�⇡
d�b | cos�b|2A lnn | cos�b|Master integral:

• This restriction do not let us completely resum logs in collinear-soft and heavy meson jet function

<latexit sha1_base64="fi1HipRTHD99D6DYnGJ59MWbGfI=">AAAB/3icbVDLSsNAFJ34rPUVdamLwSK6KokUdVMounFZwT6gDWEyvWmHziRhZiKU0IX+jK5E3fkP/oB/47RG0NazGM6951yYc4KEM6Ud59NaWFxaXlktrBXXNza3tu2d3aaKU0mhQWMey3ZAFHAWQUMzzaGdSCAi4NAKhlcTvXUHUrE4utWjBDxB+hELGSXarHz7oKtS4TNMfVbF+Gc4Nk8VO75dcsrOFHieuDkpoRx13/7o9mKaCog05USpjusk2suI1IxyGBe7qYKE0CHpQ8fQiAhQXjZNMcZHYSyxHgCezr+9GRFKjURgPILogZrVJsv/tE6qwwsvY1GSaoiosRgtTDnWMZ6UgXtMAtV8ZAihkplfYjogklBtKiua+O5s2HnSPC27Z+XKTaVUu8yLKKB9dIhOkIvOUQ1dozpqIIoe0BN6RW/WvfVoPVsv39YFK7/ZQ39gvX8BQYCUOg==</latexit>X

i

ci =
X

i

c0i = 0



Evolution, -prescriptionζ
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fixed  evolutionμ

<latexit sha1_base64="3FOtyH4RbraVFyJ7q7/TOjC/u6A="></latexit>

S (b;µf , ⇣2,f ) = exp

Z

P
(�S (µ, ⇣2) d lnµ�DS(µ, b)d ln ⇣2)

�
S (b;µ0, ⇣2,0)

<latexit sha1_base64="uuzLgCrMfu3BbeKqhpADqBMJLVs="></latexit>

d

d lnµ
S(b;µ, ⇣) = �S(b;µ, ⇣)S(b;µ, ⇣)

<latexit sha1_base64="E+IHsmTZHIhj/f2XyOr/RCRu66c="></latexit>

d

d ln ⇣
S(b;µ, ⇣) = �DS(b, µ)S(b;µ, ⇣)

<latexit sha1_base64="+Aw4qtS094o3N6RRRCt+wxth2C8=">AAACCXicbVDLSsNAFL3xWesr6tLNYFFclUQU3QhFsbisYB/QhDKZTtqhk0yYmQil9Av0Z3Ql6s6tP+DfOKlZ1NazmTPnnAv33CDhTGnH+bYWFpeWV1YLa8X1jc2tbXtnt6FEKgmtE8GFbAVYUc5iWtdMc9pKJMVRwGkzGFxnfvOBSsVEfK+HCfUj3ItZyAjWRurYR14geFcNI/MgL8YBx6iKLtG0fIOqHbvklJ0J0Dxxc1KCHLWO/eV1BUkjGmvCsVJt10m0P8JSM8LpuOiliiaYDHCPtg2NcUSVP5r0GaPDUEik+xRN/tPZEY5UtpXJRFj31ayXif957VSHF/6IxUmqaUxMxHhhypEWKDsL6jJJieZDQzCRzGyJSB9LTLQ5XtHUd2fLzpPGSdk9Kzt3p6XKVX6IAuzDARyDC+dQgVuoQR0IPMELvMOH9Wg9W6/W2290wcpn9uAPrM8f21uZDg==</latexit>rF = EF
<latexit sha1_base64="J0w96Li0ebyklZqJeqJSI88d+UE=">AAACIHicbVDLSgMxFM34tr6qLt0Ei9BCLTOi6EYQH+BS0arQKeVOetuGJjNDkhHq0J/Rn1EQRF3p15ipFXydTU7uORfuOUEsuDau++aMjI6NT0xOTedmZufmF/KLSxc6ShTDKotEpK4C0Ch4iFXDjcCrWCHIQOBl0D3I9MtrVJpH4bnpxViX0A55izMwdtTI7/pBJJq6J+1Dj+guLfptkBIaZ8Wg7Muk7N+ggVJ53ZdgOgxEetj/0kqlRr7gVtwB6F/iDUmBDHHSyD/6zYglEkPDBGhd89zY1FNQhjOB/ZyfaIyBdaGNNUtDkKjr6SBmn661IkVNB+ng/92bgtRZBuvJztS/tWz4n1ZLTGunnvIwTgyGzFqs1koENRHN2qJNrpAZ0bMEmOL2Sso6oIAZ22nOxvd+h/1LLjYq3lbFPd0s7O0Pi5giK2SVFIlHtskeOSYnpEoYuSMP5IW8OrfOvfPkPH9aR5zhzjL5Aef9A9lgoXA=</latexit>

E = (�S(b, µ, ⇣),�DS(b, µ))
<latexit sha1_base64="0lFKmfslCqvHr17UhcYAt3iHsMo=">AAACI3icbVBLS8NAGNz4rPVV9ehlsQieSlIUvQhFPXhUtCo0NXzZfmkXd5OwuxFqyM/RP2NPooIH/4vbWsHXnGZnZuGbCVPBtXHdN2dicmp6ZrY0V55fWFxarqysXugkUwybLBGJugpBo+AxNg03Aq9ShSBDgZfhzeHQv7xFpXkSn5t+im0J3ZhHnIGxUlBp+F2QEoIzuk/r1JdgegxEflRYxY8UsLxDfRFT/w4NBLkvs6L4kmR2XS+CStWtuSPQv8QbkyoZ4ySoDPxOwjKJsWECtG55bmraOSjDmcCi7GcaU2A30MWWpTFI1O181LSgm1GiqOkhHb2/Z3OQWvdlaDPDEvq3NxT/81qZifbaOY/TzGDMbMR6USaoSehwMNrhCpkRfUuAKW6vpKwHdhljZy3b+t7vsn/JRb3m7dTc0+1q42A8RImskw2yRTyySxrkmJyQJmHkgQzIC3l17p1H58l5/oxOOOM/a+QHnPcPMFKj9w==</latexit>

�S = 2DS
d ln ⇣µ
d lnµ2

<latexit sha1_base64="/e2zdJJFZYe1Yto8m1h09vVOLAg="></latexit>

RS

�
(µ0, ⇣2,0) ! (µf , ⇣f )

�
=

 
⇣f

⇣2,µ(b, µf )

!�DS(b,µf )

<latexit sha1_base64="C9p6oTAevsxik+19/ECK0qUTbGs="></latexit>

⇣�⇤g2,µ (b, µ) =
⇣ µ

µ0

⌘ 2CF
CA ⇣2,0e

vS(b,µ)

<latexit sha1_base64="3cqcKlVMo7/SzeNb6rj+QKx67m0=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LNPJIgJCepgY69DzSXWNCJnyBroy684/8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9d9ovV9yqOxdbBi+HCuSq98uf3UEs0hAjEoob0/HchHoZ1ySFwmmpmxpMuBjzIXYsRjxE08vmm07ZSRBrRiNk8/fvbMZDYyahbzMhp5FZ9GbD/7xOSsFVL5NRkhJGwkasF6SKUcxmhdlAahSkJha40NJuycSIay7InqVk63uLZZeheVb1Lqru3Xmldp0foghHcAyn4MEl1OAW6tAAAQE8wxu8O+g8OS/O60+04OR/DuGPnI9vkpKLAA==</latexit> }

<latexit sha1_base64="3cqcKlVMo7/SzeNb6rj+QKx67m0=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZo9El0Y1LNPJIgJCepgY69DzSXWNCJnyBroy684/8Af/GBmeh4F2drns7qVt+oqQh1/1yCiura+sbxc3S1vbO7l55/6Bp4lQLbIhYxbrtc4NKRtggSQrbiUYe+gpb/vhm5rceURsZRw80SbAX8mEkAyk42dF9d9ovV9yqOxdbBi+HCuSq98uf3UEs0hAjEoob0/HchHoZ1ySFwmmpmxpMuBjzIXYsRjxE08vmm07ZSRBrRiNk8/fvbMZDYyahbzMhp5FZ9GbD/7xOSsFVL5NRkhJGwkasF6SKUcxmhdlAahSkJha40NJuycSIay7InqVk63uLZZeheVb1Lqru3Xmldp0foghHcAyn4MEl1OAW6tAAAQE8wxu8O+g8OS/O60+04OR/DuGPnI9vkpKLAA==</latexit>

}
Equipotential (null-evolution) line is given by

Saddle point 

gluon channel solution
perturbative

Evolution kernel is given by

Scimemi, Vladimirov, 2020
Scimemi, Vladimirov, 2018

Figure: Alexey Vladimirov & Ignazio Scimemi



Scale choices and NP-model
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<latexit sha1_base64="aVnOlhOAMSQrdZxCrWsZLbxUcaE="></latexit>

C(b, R; pT ) = RC(b, R; pT , µC)Cpert(b, R;µC)f
NP
C (b, R)

<latexit sha1_base64="B2NYg8o4twla7UyNdwnLkF9YeT0="></latexit>

S�i(b; pT , 1) = RS({µ0, ⇣0} ! {pT , 1})Spert
�i (b;µ0, ⇣0)f

NP
S (b)

<latexit sha1_base64="hEeG4szI/Plkh3rhedDl+VDWQ1s="></latexit>

J (b,mQ/pT ; pT ) = RJ (b,mQ/pT ; pT , µJ )J pert(b,mQ/pT ;µJ )fNP
J (b;mQ)

<latexit sha1_base64="pmETqGPEtJ8Dx/DoNhPG1KveNyU="></latexit>

fNP
i (b) = exp

 
� b2
�
Bi

NP

�2

!

• For the new -dependent function we consider a gaussian model for NP contributionb

<latexit sha1_base64="LZ9QfzwuLQe1HfMDawA+4Cfjs+I="></latexit>

µC = 2e��E

✓
1

b
+

1

bmax

◆

<latexit sha1_base64="wdiz0eDlsu9yUDEtv3/XUpGiSg0="></latexit>

µJ =
1

2
e��E

✓
1

b
+

1

bmax

◆

<latexit sha1_base64="fFG8kvO6H1kJZMAmKopspoHGqRA=">AAAB7nicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKgboehGXFXpH7TDkEkzbWgyE5OMUIa+hq5E3fkwvoBvY1pnoa1n9eWeE7jnhpIzbVz3yyksLa+srhXXSxubW9s75d29lk5SRWiTJDxRnRBryllMm4YZTjtSUSxCTtvh6Hrqtx+p0iyJG2YsqS/wIGYRI9jYkd8TaXCLLpEMGug+KFfcqjsTWgQvhwrkqgflz14/IamgsSEca931XGn8DCvDCKeTUi/VVGIywgPatRhjQbWfzZaeoKMoUcgMKZq9f2czLLQei9BmBDZDPe9Nh/953dREF37GYpkaGhMbsV6UcmQSNO2O+kxRYvjYAiaK2S0RGWKFibEXKtn63nzZRWidVL2z6undaaV2lR+iCAdwCMfgwTnU4Abq0AQCD/AMb/DuSOfJeXFef6IFJ/+zD3/kfHwD7cWOkw==</latexit>

µJ = pTR

<latexit sha1_base64="HEo0U3pEic7YU55OMPs/42cGMuU=">AAAB7HicbZDNSgMxFIUz/tb6V3XpJlgEQSgzUtSNUHTjsgX7A9NhyKR32tAkMyQZoQx9C12JuvNpfAHfxrTOQlvP6ss9J3DPjVLOtHHdL2dldW19Y7O0Vd7e2d3brxwcdnSSKQptmvBE9SKigTMJbcMMh16qgIiIQzca38387iMozRL5YCYpBIIMJYsZJcaO/L7IwnN8g0XYCitVt+bOhZfBK6CKCjXDymd/kNBMgDSUE619z01NkBNlGOUwLfczDSmhYzIE36IkAnSQz1ee4tM4UdiMAM/fv7M5EVpPRGQzgpiRXvRmw/88PzPxdZAzmWYGJLUR68UZxybBs+Z4wBRQwycWCFXMbonpiChCjb1P2db3FssuQ+ei5l3W6q16tXFbHKKEjtEJOkMeukINdI+aqI0oStAzekPvjnSenBfn9Se64hR/jtAfOR/fupCN6A==</latexit>µ+ = mQ

<latexit sha1_base64="iy6Efa2IaZkA79TptpDyZ/fYAA4="></latexit>

µS =
2e��E

b⇤
, b⇤ =

bp
1 + b2/b2max

<latexit sha1_base64="Y6gqh4dp9iy2iRpNyfUAt6Tals4="></latexit>

⇣�g2,0 =

✓
4p2T
ŝ

◆ 2CF
CA

<latexit sha1_base64="Jg///ZJDC7cBdMw/UPThB0hgnNg=">AAAB7HicbZDNSgMxFIUz9a/Wv6pLN8EiuCozUtSNUHTjskL/YDoMmfROG5pMhiQjlKFvoStRdz6NL+DbmNZZaOtZfbnnBO65UcqZNq775ZTW1jc2t8rblZ3dvf2D6uFRV8tMUehQyaXqR0QDZwl0DDMc+qkCIiIOvWhyN/d7j6A0k0nbTFMIBBklLGaUGDvyByILY3yD07AdVmtu3V0Ir4JXQA0VaoXVz8FQ0kxAYignWvuem5ogJ8owymFWGWQaUkInZAS+xYQI0EG+WHmGz2KpsBkDXrx/Z3MitJ6KyGYEMWO97M2H/3l+ZuLrIGdJmhlIqI1YL844NhLPm+MhU0ANn1ogVDG7JaZjogg19j4VW99bLrsK3Yu6d1lvPDRqzdviEGV0gk7ROfLQFWqie9RCHUSRRM/oDb07ifPkvDivP9GSU/w5Rn/kfHwDHQWOKQ==</latexit>µf = pT

<latexit sha1_base64="R4PfetBjXqC8rHFZFfZBJ4rrFm4=">AAAB8nicbZDLSsNAFIYnXmu9tOrSzWARXEhJSlE3QtGNywr2Am0Ik+lJO3RyYeZEqKEvoitRdz6KL+DbOK1ZaOu/+ub8/8D5j59IodG2v6yV1bX1jc3CVnF7Z3evVN4/aOs4VRxaPJax6vpMgxQRtFCghG6igIW+hI4/vpn5nQdQWsTRPU4ScEM2jEQgOEMz8sql/iMg87LamT2lV9TxyhW7as9Fl8HJoUJyNb3yZ38Q8zSECLlkWvccO0E3YwoFlzAt9lMNCeNjNoSewYiFoN1svviUngSxojgCOn//zmYs1HoS+iYTMhzpRW82/M/rpRhcupmIkhQh4iZivCCVFGM6608HQgFHOTHAuBJmS8pHTDGO5kpFU99ZLLsM7VrVOa/W7+qVxnV+iAI5IsfklDjkgjTILWmSFuEkJc/kjbxbaD1ZL9brT3TFyv8ckj+yPr4BuNyPgg==</latexit>

⇣2,0 = 1

Initial scales Final scales



Plots for phenomenological analysis

• We use arTeMiDe to obtain the plots

• TMDPDF and TMDFF structure and evolution is included arTeMiDe

• SF double-scale evolution and jet functions included as new modules
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https://teorica.fis.ucm.es/artemide/ 
https://github.com/vladimirovalexey/artemide-public.” 

<latexit sha1_base64="0XitjPS8+19AaA/KxxmjVpGMFpE=">AAACCnicbVDLSgNBEJz1GeMr6tHLYBAVJOxKUC9C0IMeE8hDyC5hdtIxg7MPZ3rFsOQP9Gf0JOrNoz/g3zgbc9Bonaq7qqGr/FgKjbb9aU1Nz8zOzecW8otLyyurhbX1po4SxaHBIxmpS59pkCKEBgqUcBkrYIEvoeVfn2V66xaUFlFYx0EMXsCuQtETnKFZdQo7cadOT+iB7e5TF+EO03NoDt2bhHXpbqa5WgS0ttcpFO2SPQL9S5wxKZIxqp3Ch9uNeBJAiFwyrduOHaOXMoWCSxjm3URDzPg1u4K2oSELQHvpKNCQbvciRbEPdDT/9KYs0HoQ+MYTMOzrSS1b/qe1E+wde6kI4wQh5MZitF4iKUY064V2hQKOcmAI40qYLynvM8U4mvbyJr4zGfYvaR6UnMNSuVYuVk7HReTIJtkiu8QhR6RCLkiVNAgnD+SJvJI36956tJ6tl2/rlDW+2SC/YL1/AdgFmGU=</latexit>

pT = 20GeV (pT ⇠ Q)
<latexit sha1_base64="XmMd8JBKROKFGIu/T3pKfPQD/lU=">AAAB/nicbVDLSgNBEJyNrxhfqx5zGQyCBwm7EtSLEPSgxwjmAdkQZiedZMjsw5leMSwB/Rk9iXrzI/wB/8ZJzEET61TdVQ1d5cdSaHScLyuzsLi0vJJdza2tb2xu2ds7NR0likOVRzJSDZ9pkCKEKgqU0IgVsMCXUPcHF2O9fgdKiyi8wWEMrYD1QtEVnKFZte28p28VpnpEz6hbcrxD6iHcY3oJtVHbLjhFZwI6T9wpKZApKm370+tEPAkgRC6Z1k3XibGVMoWCSxjlvERDzPiA9aBpaMgC0K10EmJE97uRotgHOpl/e1MWaD0MfOMJGPb1rDZe/qc1E+yetlIRxglCyI3FaN1EUozouAvaEQo4yqEhjCthvqS8zxTjaBrLmfjubNh5UjsqusfF0nWpUD6fFpElebJHDohLTkiZXJEKqRJOHskzeSPv1oP1ZL1Yrz/WjDW92SV/YH18A+YVlL0=</latexit>p
s = 140GeV

Integrated over 

Central rapidity region

x
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Total cross-section
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gluon channel
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Heavy hadron pair production
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Conclusion

• We have established factorization for dijet and heavy hadron pair production

• Can be potentially observed in the future EIC

• We have been able to compute the new TMD Soft Function up to NLO and its 

anomalous dimension up to three-loops

• Rapidity structure of this new SF allows us to use the -prescription

• The presence of the new SF makes the gluon TMDPDF extraction non-trivial

• Analysis of the numerical result for the cross-section shows the effect of linearly 

polarized gluon TMDs can be neglected compared to unpolarized gluon TMDs

• Future work: Gluon Sivers function, di-hadron production,…

ζ
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Thank you for listening!


